Introduction
Asians and Pacific Islanders (APIs) constitute 5% of the United States (US) population and 13% of the New York City (NYC) population [1] . From 2000 through 2010, the API population experienced the fastest rate of growth than any other racial/ethnic groups both nationally (43% increase) and in NYC (32% increase) [2] . The city's API population is the largest among US cities, 1.1 million persons, according to the 2010 Census.
While cardiovascular disease is the leading cause of mortality among non-Hispanic whites, non-Hispanic blacks, and Hispanics, cancer is the leading cause of death among APIs, both nationally in 2007 (106.7 per 100,000) and in NYC in 2010 (105.9 per 100,000) [3, 4] . APIs experience lower death rates for certain common cancers (i.e., lung, colorectal, breast, and prostate) than other racial/ethnic groups in the United States [5] . However, APIs experience the highest death rates from some less common cancers, particularly those associated with infectious agents, such as nasopharynx, liver, and stomach cancer [6] .
Published analyses on cancer mortality among APIs have largely focused on California [7, 8] and New York City [9, 10] , except one study utilizing data from selected sites throughout the US [11] , but all these studies are based on data that is more than a decade old. In California, McCracken et al. examined cancer mortality among Asian Americans overall from 2000 to 2002 [7] , and Kwong et al. described cancer mortality by Asian subgroups from 1997 through 2001 [8] . In NYC, Freeman et al. examined cancer mortality by overall racial/ethnic group between 1990 and 2000 [9] . Miller et al. examined cancer incidence and mortality by Asian subgroups for 1998-2002 from selected state and regional cancer registries covering 54% of the US API population [11] . Cancer mortality among API subgroups has not been studied in NYC, aside from a 20-year-old NYC study (1988 through 1992) examining site-specific cancer mortality rates among the Chinese only [10] . Thus, to our knowledge, no recent analyses of API or API subgroup cancer mortality rates within a US population have been conducted. We aim to characterize site-specific cancer mortality rates among APIs
Calculation of Age-Adjusted Cancer Mortality Rates.
Cancer mortality rates and 95% confidence intervals were calculated for major racial/ethnic groups using NYC DOHMH mortality data and US Census population estimates. Cancer mortality rates and 95% confidence intervals for Chinese, Korean, Asian Indian, and Filipino subgroups were calculated using NYC DOHMH mortality records and the [2005] [2006] [2007] [2008] [2009] American Community Survey Public Use Microdata Sample. The 2010 US Census reports information on 6 Asian subgroups: Chinese, Korean, Asian Indian, Filipino, Japanese, and Vietnamese. New York City's Japanese and Vietnamese populations were too small to allow for inclusion in this analysis. All rates were age adjusted and annualized [13] .
Data Analysis.
We used SAS statistical package version 9.2 for data management and statistical analysis.
Results
In 2010, 13,333 (25.4%) New York City decedents died from a malignant neoplasm. Among API decedents, 943 (29.9%) died from a malignant neoplasm. APIs have the overall lowest cancer mortality rates across all racial/ethnic groups. However, between 2001 and 2010, cancer mortality rates declined in all racial/ethnic groups in NYC, except APIs. The API cancer mortality rate has remained stable from 2001 through 2010 (see Figure 1 ).
Decedent Characteristics by Racial/Ethnic Groups.
From 2001 through 2010, a total of 82,608 decedents died in New York City from the 10 selected cancers (Table 4) ; 5,548 (6.7%) of these decedents were APIs (3,200 males and 2,348 females) (Table 1) . Compared with non-Hispanic whites, API decedents were more likely to be male, married, and having less than a high school education. On average, API decedents died 5 years earlier from cancer than did non-Hispanic whites.
Site-Specific Cancer Mortality by Racial/Ethnic
Groups and Sex. The age-adjusted nasopharyngeal cancer mortality rate among API men (2.6 per 100,000) was the highest across all racial/ethnic groups and nearly 10 times higher than the rate for non-Hispanic white men (0.29 per 100,000; see Table 2 ). The mortality rates of liver and stomach cancer were twice as high in API men as in non-Hispanic white men (liver cancer, 15.9 versus 7.9 per 100,000 and stomach cancer, 11.8 versus 6.0 per 1000,000, resp.). The mortality rate for nasopharyngeal cancer among API women (0.7 per 100,000) was the highest of all racial/ethnic groups, 7 times as high as in non-Hispanic white women (0.1 per 100,000). The liver cancer mortality rate was almost 2 times higher in API women (5.4 per 100,000) than in nonHispanic white women (3.0 per 100,000), and API women had the highest stomach cancer mortality rate (5.6 per 100,000) of all racial/ethnic groups. a Analysis limited to decedents who died from the cancers selected for study (i.e., lung, colon and rectum, esophagus, prostate, breast, ovary, cervix, nasopharynx, liver, and stomach). Among both men and women, APIs have the lowest colorectal cancer mortality rates of all racial/ethnic groups. API men and women have age-adjusted lung cancer mortality rates (38.2 and 16.7 per 100,000, resp.) that surpass those of Hispanic men and women (33.5 and 14.7 per 100,000, resp.) but not non-Hispanic whites or blacks. For all studied sites, cancer death rates were higher in API men than API women.
Trends in Cancer Mortality across Racial/Ethnic Groups.
From 2001 through 2010, API males experienced higher ageadjusted liver cancer mortality rates than non-Hispanic white males (15.6 to 14.0 per 100,000 versus 8.3 to 10.3 per 100,000, resp.; see Figure 2 ). From 2001 through 2010, API females experienced a slight increase in age-adjusted liver cancer mortality rates, while this rate was stable among nonHispanic white females (5.3 to 6.1 per 100,000 versus 3.1 to 3.0 per 100,000, resp.; see Figure 3 ). In the last decade, API males did not experience the dramatic decline in age-adjusted lung cancer mortality rates that non-Hispanic white males did (38.6 to 38.2 per 100,000 versus 62.2 to 47.0 per 100,000, resp.; see Figure 4 ). Age-adjusted lung cancer mortality rates among API females increased during 2001 through 2010, while non-Hispanic white females experienced a decrease (17.4 to 19.7 per 100,000 versus 39.8 to 34.5 per 100,000, resp.; see Figure 5 ). Table 3 ). Chinese comprise the majority (66.7%) of API cancer decedents. Compared to other API subgroups, Chinese decedents were more likely to be male, have less than a high school education, and die at an older age on average. Compared to other API subgroups, Asian Indian cancer decedents were more likely to be married and die at a younger age. Filipino decedents were more likely to be female and have more than a high school education. rate (16.1 per 100,000) among men. Chinese men and women had the highest nasopharyngeal cancer mortality rates (4.5 and 1.2 per 100,000, resp.) across all racial/ethnic groups, and these rates were statistically significantly higher than in the other racial/ethnic groups.
Decedent Characteristics by API

Korean.
Korean men had the highest liver and colon cancer rates (25.3 and 17.6 per 100,000, resp.) compared to other API subgroups. Korean women had the highest liver cancer mortality rate, which was statistically significantly higher than other API subgroups (7.5 per 100,000 versus 6.0 per 100,000 for Chinese women, 2.9 per 100,000 for Asian Indian women and 2.6 per 100,000 for Filipino women). Korean men and women had the highest stomach cancer rates, which were statistically significantly higher than other API subgroups (27.7 and 11.0 per 100,000, resp.). Korean men and women had the second highest age-adjusted lung cancer mortality rates (38.9 and 12.9 per 100,000, resp.).
Filipino.
Among API subgroups, Filipino men had the highest prostate mortality rate (9.5 per 100,000). Filipino women had the highest breast and ovarian cancer mortality rates (13.4 and 6.4 per 100,000, resp.).
Discussion
We investigated site-specific cancer mortality rates among APIs and API subgroups, given that cancer is the leading cause of death among APIs. While APIs in NYC have the lowest overall cancer mortality rate of the 4 major racial/ethnic groups, certain site-specific cancer rates are much higher among APIs than other racial/ethnic groups and among API subgroups. Examining rates for APIs as a group masks the true heterogeneity of their cancer burden. Varying environmental and behavioral influences, including tobacco use, exposure to infectious agents, and diet, are likely driving these observed patterns of API cancer mortality. These finding warrant consideration of targeted cancer mortality prevention efforts for affected subgroups, including hepatitis vaccination, screening, and treatment; smoking cessation; and cancer screening.
Lung Cancer. Lung cancer death rates in Chinese New
Yorkers are high and have increased from 2001 through 2010 for both men and women. It is known that tobacco smoking, primarily cigarettes, is the major cause of lung cancer. In NYC, the 2010 Community Health Survey, a NYC DOHMH population-based telephone survey, found a smoking prevalence of 20% among Chinese men and less than 1% among Chinese women. The increasing lung cancer death rate among Chinese women in the setting of low prevalence of smoking is worrisome, and more research is needed to determine factors contributing to the increased lung cancer death rates in Chinese women. Second-hand smoke exposure at home and work and exposure to cooking oil from hightemperature frying may contribute to the increased risk of lung cancer in Chinese women [14] . In addition, the smoking prevalence among the Chinese population overall has remained the same over 8 years (9.2% in 2002 and 10.2% in 2010), whereas the overall smoking prevalence in NYC dropped significantly from 21.5% in 2002 to 14% in 2010. Given that NYC mounted an aggressive tobacco control program during this period, the increasing lung cancer death rates and the stable smoking prevalence rates among the Chinese suggest that we may not be reaching this subgroup. Global data suggest that lung cancer mortality rates in China are lower than in NYC. It is not known why this is true, but two possibilities would be increased immigration to NYC from areas of China with higher rates of lung cancer and decreased accuracy of cause of death information. In 2008, according to the International Agency for Research on Cancer, lung cancer mortality rates were 39.6 per 100,000 in Chinese men and 18.3 per 100,000 in Chinese women [15] versus 47.1 and 20.0 per 100,000 for Chinese men and women in NYC, respectively, per our analyses.
One reason that could explain these persistently high rates of lung cancer mortality among the Chinese in NYC is the culturally accepted nature of tobacco smoking in certain Asian countries, particularly among men. According to the Global Adult Tobacco Survey, 63% of men in China currently smoked in 2010 [16] . In addition, giving cigarettes as gifts during special occasions is a cultural norm [17] , and immigrants have access to low-cost cigarettes from Taiwan and China.
Since 2005, the NYC Mayor's Office and NYC DOHMH have launched several culturally relevant media campaigns focusing on the Chinese, including translated posters and print advertisements to promote tobacco cessation. The NYC DOHMH has a long-standing nicotine patch and gum giveaway program [18] , and in 2010, online registration was made available in Chinese along with translated nicotine patch and gum kit contents. DOHMH also has a 311 hotline with Chinese language capability to help interested callers quit smoking. In 2012, a dedicated Chinese hotline was created to attract more participants to the nicotine patch and gum giveaway program. Despite these efforts, the prevalence of smoking in Chinese New Yorkers has not changed substantially. Hopefully, these recent interventions will show an impact in future assessments. More research is needed to determine the barriers to quitting smoking in the Asian population.
Closely following the Chinese, Koreans have the second highest lung cancer mortality rates (38.9 per 100,000 for men and 12.9 per 100,000 for women) among APIs. In South Korea from 2008 to 2010, 42.3% of Korean men have been reported to smoke [19] . In NYC, for 2006-2008, Korean's self-reported rate of smoking was 16.9% based on the NYC Community Health Survey, although small numbers limit the precision of that estimate. NYC has not focused on special tobacco cessation efforts in this group due to its small population size (only 1.0% of NYC population).
Nasopharyngeal
Cancer. Nasopharyngeal cancer death rates in NYC are higher among APIs than other racial/ethnic groups, and this cancer disproportionately affects the Chinese. The nasopharyngeal cancer mortality rate in Chinese men (4.5 per 100,000) was 15 times that of non-Hispanic whites (0.3 per 100,000). In Chinese women, the nasopharyngeal cancer mortality rate (1.2 per 100,000) was 12 times as high as in non-Hispanic white women (0.1 per 100,000). According to the World Health Organization, nasopharyngeal cancer mortality rates in 2008 in China for males and females were 1.9 and 0.8 per 100,000, respectively, based on data from the International Agency for Research on Cancer [20] . Death rates in the US may be higher due to immigration patterns. Most immigrants from China to the US come from Guangdong Province, where the incidence of nasopharyngeal cancer is very high (25 cases per 100,000) [21] . Several epidemiologic studies have proposed that the Epstein-Barr virus (EBV), smoked fish products, and genetic predisposition are associated with high nasopharyngeal cancer rates among the Chinese [22, 23] . In certain parts of southern China, particularly Guangdong Province where nasopharyngeal cancer is common, at-risk individuals are being screened by EBV testing, followed by periodic examination of the nasopharynx and neck if positive [24] . Earlier detection of nasopharyngeal carcinoma allows for treatment with improved 5-year survival [25] . In the United States, no nasopharyngeal cancer screening guidelines exist. In cities like NYC where a large proportion of Chinese immigrants are from southern China, a high index of clinical suspicion for this type of cancer should be maintained by clinicians caring for these immigrants. Further research is indicated to evaluate whether the screening approach used in southern China is effective at preventing mortality and to determine whether screening is appropriate for Chinese New Yorkers.
Liver Cancer.
In NYC, the liver cancer death rate is higher among APIs, particularly Koreans and Chinese, than in other racial/ethnic groups. Hepatitis B virus (HBV) infection is highly prevalent in Asian countries, including South Korea and China, and is the main risk factor for developing liver cancer in countries endemic with HBV [26] . Other contributing risk factors include cirrhosis (associated with infection, obesity, and alcohol) and aflatoxin exposure [27] . NYC DOHMH surveillance for chronic HBV infection from June 2008 to November 2009 identified 156 cases of infection, of whom 87 (56%) were in Chinese born persons and few (<3) were in persons originating from Korea [28] . However, a 2008 prevalence study found that Koreans represented 4.6% of NYC's chronic HBV infections, while they constituted only 1.0% of the NYC population [29] , confirming their higher risk for chronic infection compared to other New Yorkers. In one 2005 NYC study of a clinic-based screening program, Chinese had the highest prevalence (21%) of chronic HBV infection among the patients screened, but Koreans also had a high prevalence (5%) of infection [30] . Given elevated rates of liver cancer among the Chinese and Koreans, NYC clinicians should be aware that the Centers for Disease Control and Prevention and DOHMH currently recommend screening individuals at risk for HBV infection, including persons from HBV-endemic countries such as Korea and China, treatment of chronic HBV infection, and periodic liver cancer screening in those with chronic HBV infection, which may help to prevent progression and death from liver cancer [31] .
Given that current evidence suggests that Koreans have a lower chronic HBV infection rate compared with Chinese, other factors may be playing a role in elevating their liver cancer death rate above that of the Chinese. When liver cancer was listed as the underlying cause of death, the use of alcohol as a contributing cause was mentioned in more Korean decedents (1.8%) than Chinese decedents (0.2%), although its mention was infrequent for both. In NYC's Community Health Survey for the period 2002 to 2008, individuals of Korean descent reported binge drinking almost 4 times more frequently than individuals of Chinese descent (23.5% versus 5.8%, resp.) and heavy drinking was reported more frequently as well (3.4% versus 1.3%), although small numbers limit the precision of these later estimates. Synergism between alcohol consumption and chronic HBV infection may possibly increase the risk of cirrhosis and thus liver cancer deaths in Koreans in NYC. Further research is needed to determine the contribution of alcohol use to liver cancer deaths among Koreans.
Stomach Cancer.
APIs are at elevated risk for stomach cancer mortality, particularly Koreans and Chinese. Helicobacter pylori is thought to be an important risk factor for stomach cancer [32] . In addition, stomach cancer has also been associated with eating preserved food and foods rich in nitrites and/or nitrates [33] . No routine stomach cancer screening is recommended in the US, but screening programs have been implemented in Japan. The risk of stomach cancer deaths in the Japanese living in Japan (20.5 per 100,000 in men) is comparable to mortality rates in NYC Chinese (12.9 per 100,000 in men) and Koreans (27.7 per 100,000 in men). An improving trend in the stomach cancer survival rate has been observed in Japan and can possibly be attributed to early cancer detection [34] . A formal evaluation of the risk and benefits of using the Japanese screening approach in high-risk groups should be considered for NYC and other urban areas with a sizeable API population.
Breast Cancer.
Breast cancer is the leading cause of cancer death in NYC Asian Indian and Filipina women. Multiple factors contribute to breast cancer mortality, including genetic predisposition and socioeconomic and cultural circumstances [35] , but late-stage diagnosis is strongly associated with higher mortality rates. In the NYC Community Health Survey, women of Asian descent aged 40 years and older reported a lower rate of mammography screening (67.5%) than NYC women overall (75.3%), and specifically, Asian Indian women in NYC had a substantially lower rate of screening (58.9%). The rate for Filipina women was a few percent below the citywide rate (72.1%) based on their selfreported responses. However, a Hawaiian study found that Filipina women are less compliant with mammography guidelines and are diagnosed at a more advanced stage of cancer at time of diagnosis [36] . Efforts to target specific racial/ethnic groups to increase breast cancer screening may be needed. More research is also needed in NYC to determine the reasons for lower rates of mammography screening in Asian Indian and possibly Filipina women, which may contribute to higher breast cancer mortality rates.
Limitations.
The limitations of this study include potential underascertainment of API population size by the 2010 Census or American Community Survey, which would result in an overestimation of mortality rates in the population. In particular, undocumented immigrants may not be captured in the census because of their reluctance to be counted, contributing to underestimation of the population [37, 38] . Underestimation of deaths among APIs may also occur if persons who spend most of their working life here in the US return to their home country for retirement and death.
Conclusions
Asians are the fastest growing racial/ethnic group in the US, and they have a unique cancer burden that requires special attention. The leading cause of death in APIs nationally and in NYC is malignant neoplasms. APIs are disproportionately affected by some less common cancers, including nasopharyngeal, liver, and stomach cancers. Lung cancer rates among the Chinese, especially men, remain high.
Much of the API cancer burden in NYC is potentially preventable. Hepatitis B screening has been recommended by CDC for high-risk groups, including persons from China and Korea. Culturally tailored tobacco control policies and programs have been implemented over the last decade, and further evaluation is needed to determine their impact. In those populations that have reduced smoking rates, the impact may become more apparent in the next decade as fewer people develop smoking-related cancer, given that there is a long lag time between smoking exposure and cancer development. Potential population-based screening approaches to detect and treat early nasopharyngeal and stomach cancers in APIs require more evaluation before implementation but should be 8 Journal of Cancer Epidemiology considered. The substantial variation in cancer-specific mortality rates across Asian racial subgroups indicates that API subgroup analyses such as these are necessary to plan public health interventions.
